
INTRODUCTION:
Diabetes Mellitus (DM) is a heterogenic group of disorder 
characterized by hyperglycaemia because of either decient 
insulin secretion, insulin action, or combination of both. 
Prolonged hyperglycaemia is associated with long term 
complications in several organ systems. DM cases can be 
subdivided into type 1 and type 2, the rst one characterized 
by complete lack of insulin secretion by beta cells of pancreas 
and the second with insulin resistance on target organs 
accompanied by progressive deciency of insulin secretion [1, 
2]. The diabetic burden has increased by more fast speed in 
low- and middle income countries compared to high-income 
countries [3]. An increase in number of cases of DM type 2 is 
being correlated with obesity. In 2011 Haemoglobin 
a1c(HbA1c) recommended as a diagnostic tool for DM by the 
World Health Organization (WHO), with a cut point of 6.5 % 
(6 .5 %) for diagnosis, but with a value beneath this cut point 
does not exclude DM when other glucose tests are used[3]. 
The HbA1c concentration formed after a non-enzymatic 
process in which glucose attaches to haemoglobin (Hb). 
Nathan et al found, a strong correlation between Hba1c level 
in a group of diabetic and non -diabetic individuals at weeks 8 
and 12 with the continuous glucosemonitoring, a time period 
which corresponds to the approximate life span of an 
erythrocyte [4]. In addition, a strong correlation has been 
found between HbA1c level and development of DM-related 
complications [5]. 

A decrease in HbA1c levels found to diminish the risk of DM-
related complications in type 2 diabetic patients [6]. In 
addition to possessing diagnostic value, HbA1c is also used 
for assessment of glycaemic control and used in diabetic 
therapy together with other glycaemic control measurements 
[7]. The reliability on HbA1c has been questioned time to time, 
not only regarding the use in children and adolescents[8,9], 
but also regarding the inuencing factors capable of giving 
spurious HbA1c results, some of them adapted by the WHO 
from Gallagher et al[10]are erythropoiesis, altered Hb, 
glycation, erythrocyte destruction and assays. In the 
Standards of Medical Care in Diabetes from 2014 the 
American Diabetes Association (ADA) acknowledges the 
questions on the use of HbA1c in diagnosing children and 

adolescents, but concludes that they continue recommending 
HbA1c for diagnosis in these age groups [8, 9].HbA1c is 
affected by mult iple factors l ike genetic factors, 
haematological factors and illness related factors. Initial 
studies suggested a relationship between HbA1c levels and 
iron deciency anaemia. They tried to explain that on the 
basis of structural modications and alterations in HbA1c 
levels in old and new red blood cells. Few studies reported no 
differences in the HbA1c levels of anaemic patients compared 
to healthy controls. Few studies stated that higher HbA1c 
levels were seen in iron deciency anaemia patients and it 
decreased signicantly after treatment. The results of various 
studies on relationship between HbA1c and iron deciency 
anaemia were conicting. Only fewer studies have been 
conducted in Indian population on this topic. Our aim is to 
study the levels of HbA1c in iron deciency anaemia patients 
and the changes in HbA1c level after the correction of 
iron.Evidence that systemic iron overload would contribute to 
abnormal glucose metabolism was rst derived from the 
observation that the incidence of Diabetes is increased in 
Classic Hereditary Hemochromatosis (Genetic iron overload 
state)[11].Even in conditions where overt iron overload is 
unrelated to any predisposed condition there is a relationship 
between high iron intake and incidence of Diabetes [11].

AIMS AND OBJECTIVE:  
Aim of the present study is to evaluate Serum Ferritin 
relationship with HbA1c% and Blood glucose in patients in 
Type 2 Diabetes Mellitus. Our objectives were 1. To study the 
correlation between Serum Ferritin and Glycemic status by 
mean blood sugar level and HbA1c%. 2. To compare Serum 
ferritin among healthy controls of different age groups and 
Type 2 Diabetes Mellitus. 3. To study the effect of gender on 
Serum Ferritin. 4. To study whether increased HbA1C level is 
due to iron deciency anemia or diabetes. 5. To prevent the 
misdiagnosis of diabetes with coexisting iron deciency 
anemia.

MATERIAL AND METHODS:
This study was conducted in the department of Pathology G.R. 
Medical College, J.A. group of hospitals, Gwalior (MP). After 
taking approval for the study protocol from the Scientic 
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Review committee and the Ethical Review Committees to 
which G.R. Medical College is afliated.  A total of 100 study 
participants were included in the study. All the patients 
referred to the department of Pathology by the department of 
Medicine, were explained about the study in their vernacular 
language those who met the inclusion criteria and were 
consenting for additional 2ml blood sample collection for the 
ferritin examination were included in the study. It was a cross 
sectional observational study done for about one and a half 
year between January 2021 to May 2022. Sample size of the 
study was 100.

Inclusion Criteria: 
1.  All iron deciency anemia patients, coming from 

medicine OPD of GRMC Gwalior (MP) 
2.  All the patient with diabetes mellitus, coming from 

medicine OPD of GRMC Gwalior (MP) 

Exclusion Criteria: 
1.  Non diabetic patient.
2.  Non anemic patient.
3.  Uncooperative patient.
4.  Patients not consenting for additional 2ml blood sample 

collection for the ferritin examination.

Descriptive analysis was done in the form of mean and 
standard deviations or proportions wherever appropriate. 
Statistical difference between means was calculated using 
the independent t test. Chi-square was used to analyze the 
difference between proportions. P value of less than 0.05 was 
considered statistically signicant.

2 ml sample of blood was collected from the consenting 
patient in an EDTA vial and Plain Vial each. The some fraction 
of the blood from EDTA vial was used in the auto analyser 
machine (D-5200 of Meditech) for analysing Complete Blood 
Count and Hemoglobin The remaining sample from the EDTA 
vial was used in the Automated cation exchange HPLC 
(ADAMS A1C of Arkray ) machine for calculating the HBA1c 
value. The Automated cation exchange HPLC machine has 
two racks the sample was placed in the anemic rack if the 
value of hemoglobin was <10 gm/dl, otherwise the sample 
was placed in the normal rack. The sample collected in the 
plain vial was allowed to coagulate the blood and then serum 
was separated and used for testing the ferritin levels in 
(MAGLUMI Snibe 800 “CLIA”) which is a semiautomated 
machine.

OBSERVATIONS AND RESULTS:
Gender wise distribution of study participants

Age wise distribution of study participants

Table showing hemoglobin values of the study participants

Table showing HbA1c values of the study participants

Table showing Mean Glucose values of the study 
participants

Table showing Diabetic status of the study participants

Table shows the correlation between hemoglobin, HbA1c, 
Ferritin and Mean glucose value.

The above table shows that signicant negative low 
correlation was found between HbA1c and Ferritin; this means 
with increase in the values of HbA1c slight decrease in the 
value of Ferritin was observed and vice versa in this study. 
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Similarly signicant negative low correlation was found 
between Ferritin and Mean glucose, this means with increase 
in the values of Ferritin slight decrease in the value of Mean 
glucose was observed and vice versa in the study. Whereas, 
signicant, strong positive correlation was found between 
HbA1c and Mean glucose, suggesting that with increase in the 
value of Mean glucose the values of HbA1c also increases and 
vice versa.

Table shows the correlation between Hemoglobin, HbA1c, 
Ferritin and Mean glucose value in Diabetic and Non-
Diabetic participants

DISCUSSION:
In our study majority of the study participants were females 
63%. Whereas the age wise distribution of study participants 
in our study was, 25% (25/100) of the study participants 
belonged to 50-59 years. Mean age being 47.3± 15.7 years.

Momeni et al in her study conducted in 2015 found 67.2% 
patients were women, the mean age of the patients being 56.5 
± 9.7 (30 to 82) years. These ndings are similar to the ndings 
of our study [12]. In our study according to their hemoglobin 
value we found that majority (25%) of the study participants 
had hemoglobin value within range of 10 -10.9gm/dl, mean 
haemoglobin value being 10.11± 1.7 gm/dl. We did not 
observe any association between hemoglobin with HbA1c, 
ferritin or mean glucose values.

Brooks et al carried out a study in individuals with iron 
deciency anemia. They estimated HbA1c values before and 
after treating them with iron. They  noted that the mean 
concentration of HbA1c was elevated in iron deciency 
anemia patients and it decreased after treatment. There was a 
postulation that the quarternary structure of the hemoglobin 
may be altered in iron deciency anemia resulting in a higher 
rate of glycosylation of the  globin chain. [13]

HbA1c distribution of study participants in our study we found 
out that majority (39%) had HbA1c value more than 8%; Mean 
HbA1c value being 7.85± 2.7%. Most of the study participants 
have HbA1c value more than 6.5 that indicates poor diabetic 

control. We found out that amongst males (32 /37) 86.5% have 
ferritin levels between 15-300 mg/dl, only one male participant 
had ferritin level below 15 mg/dl whereas, amongst females 
(46 /63) 86.5% have ferritin levels between 15-200 mg/dl, 
(10/63) 11.1% female participants had ferritin level below 15 
mg/dl. Forouhi et al. in 2007 stated that there was no evidence 
of a statistical interaction between ferritin levels and sex (p = 
0.51), and analyses were performed in men and women 
combined.[14] In our study signicant negative low 
correlation was found between HbA1c and Ferritin; this means 
with increase in the values of HbA1c slight decrease in the 
value of Ferritin was observed and vice, signicant negative 
low correlation was also found between HbA1c and Ferritin 
among diabetic participants; and among male participants of 
the study(signicant negative moderate correlation). 
Pettersen in a cross section design in 2018 found, the relation 
between iron deciency and anemia and HbA1c. He found 
signicant higher HbA1c levels in adolescents with anemia 
and iron deciency, compared to adolescents without these 
conditions, respectively. Some gender differences in the 
subgroups of anemia were also found. No association was 
found with fasting glucose levels and HOMA-IR in iron 
decient- or anemic adolescents. They stated that HbA1c must 
be assessed with caution in adolescents, when anemia or iron 
deciency is present. [15] Momeni et al in 2015 stated that 
there was a signicant negative correlation between serum 
ferritin and duration of diabetes (r = 0.259; P = 0.034). [12]

In 2010, Koga et al. carried out a study in premenopausal 
women to nd out the relation between the indices of iron 
metabolism and HbA1c. According to this study there was an 
inverse association between the H bA1c and the serum iron, 
serum transferrin saturation and serum ferritin. Higher HbA1c 
levels were observed in iron deciency anemia group than in 
the normal iron state group. This study concluded that in 53 
premenopausal women the regardless of anemia, iron 
deciency increases HbA1c levels. [16]

We observed signicant, strong positive correlation between 
HbA1c and Mean glucose, suggesting that with increase in the 
value of Mean glucose the values of HbA1c also increases and 
vice versa. Strong positive correlation was also found between 
HbA1c and Mean glucose in both the diabetic as well as non 
diabetic study participants.

Sluiter et al. postulated that the glycosylation of hemoglobin 
is an irreversible process and the concentration of HbA1c in a 
red blood cell increases with cell age. The levels of HbA1c 
should be normal in individuals with normal glycemic status 
and normal red blood cell life span. In the event of chronic iron 
deciency anemia, red blood cell production will decrease 
leading to anemia and a longer span for the red blood cells 
present in the circulation. After treating with iron, HbA1c levels 
will decrease which is attributable to the phenomenon shorter 
life span of red blood cells. [17]

Signicant negative low correlation was found between 
Ferritin and Mean glucose in our study, this means with 
increase in the values of Ferritin slight decrease in the value of 
Mean glucose was observed and vice versa. Similarly 
signicant negative low correlation was also found between 
Ferritin and Mean glucose among diabetic participants. 
Forouhi et al in 2007 conrmed in their studies that poorly 
controlled diabetes patients had hyper-ferritinemia. This 
showed that serum ferritin was increased in diabetes as long 
as glycemic control was not achieved. [14]

CONCLUSION: 
We concluded that the Prevalence of Iron Deciency Anemia is 
more in females and low levels of ferretin is associated with 
low Haemoglobin. High HbA1C levels are present in patient of 
uncontrolled Diabetes Mellitus. In this study we found that 
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with increase in the values of HbA1c there is slight decrease in 
the value of Ferritin and vice versa. So while treating Diabetes 
Mellitus we have to keep in mind the haemoglobin status of 
patient. Correction of Iron Deciency Anemia is important 
before treating Diabetes Mellitus to prevent misdiagnosis. 
However large sample size and longer duration of time is 
needed to evaluate the correlation more precisely.
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